Quantum-chemical calculations using the Density Functional Theory (DFT) approach for structural analysis of the new dichroic mono azo dye: Sodium (E)-5-((4-carboxylatophenyl)diazenyl)-2-hydroxybenzoate (S) (trans isomer) was carried out using B3LYP methods with 6-311+G* basis set. After calculations, the new mono azo dye was synthesized. UV, FT-IR and 1 H NMR spectra of the compound S are reported. The electronic spectrum of the mono azo dye S was also carried out in the water solution. Interpretation of absorption strips in UV region of spectrum was also reported. On the basis of the polyvinyl alcohol (PVA) and the new dichroic synthesized azo dye thermostable polarizer film absorbing in the UV region of spectrum (λmax=388 nm) with effect of polarization (PE) in the absorption maximum 97% was developed. The main spectral-polarization parameters (transmittance, optical density) of stretched PVA-films were measured and discussed. It was also established that oriented colored PVA-films is phenomenon of anisotropy of thermal conductivity ( / ). Thermal conductivity in the direction of orientation () is higher than in the direction perpendicular to the orientations (). The developed thermostable polarizer film was used in polarizing microscopes, circular polarizers, magnetometers, spectropolarimeters and electrical signals sensors.
Introduction
PVA-Polarizing thin polymer films are widely used in various fields [1] [2] [3] [4] [5] [6] [7] [8] . There are various types of thin -PVA-polarizers, but the ones that are mostly used in the practice are obtained on the basis of PVA, colored by iodine or organic dyes such as stilbene and anthraquinone derivatives and especially with azo compounds, which are more resistant to high temperatures and humidity of the environment in comparison with iodine polarizer, but inferior to them in the spectral and polarization characteristics [6] [7] [8] [9] [10] . In addition, recent development in nanotechnology showed that anisotropic inorganic nanoparticles could be used as dichroic components of polarizing films, increasing the stability of polarizers in high-moisture and high-temperature environments.
Currently, in variety of electronic and optical devices used in industrial, special and household polarizers are required, not only improving the contrast, brightness and stability of the indicators, but also working in a wide spectral range including UV, visible, and near IR regions of spectrum [11] . However, such polarizers with high polarization efficiency in a wide spectral range and with the necessary light stability to UV irradiation practically not developed. Obviously, the research aimed at the creation of domestic polarizing film operating in the UV, visible and near IR regions of the spectrum with high polarizing efficiency and increased light stability are required [8] [9] [10] [11] [12] [13] . The aim of this work was to develop the thermostable polarizer film on the basis of PVA and the new synthesized dichroic azo component absorbing in UV region of the spectrum with the polarizing efficiency 97%.
Experimental

Reagent and apparatus
All chemicals and apparatus were presented in our work [1] .
Synthesis of Sodium (E)-5-((4-carboxylatophenyl)diazenyl)-2-hydroxybenzoate (S)
14 g of sodium 4-aminobenzonate was grinded in a mortar with 210 ml of water and 51.6 g of concentrated hydrochloric acid and diazotized with 40 ml of 35% strength sodium nitrite. After the addition of sodium nitrite, it was stirred for 10 min at 2 °C. The resulting diazo solution was poured into a solution consisting of 25 g of salicylic acid in 150 ml of water and 40 g Na2CO3. The resulting mixture was allowed to stand overnight in the refrigerator. If azo coupling is not completely gone, add a 25% NaOH. The resulting paste is filtered and the precipitate was recrystallized from a minimum amount of water. The disodium salt of (E)-5-((4-carboxyphenyl)diazenyl)-2-hydroxybenzoic acid as a dark brown amorphous powder (Scheme 1).
Scheme 1. Preparation of Sodium (E)-5-((4-carboxylatophenyl)diazenyl)-2-hydroxybenzoate (S)
Experimental and calculated IR spectrum of the compound S is presented in Table 1 and Figure 1 .
The Most significant calculated and experimental vibrational modes are summarized in Table 1 . The theoretical IR spectrum of optimized molecule was calculated using the DFT/ B3LYP/6-311+G* method. Density functional theory at the B3LYP/6-311+G* level reproduce IR spectral data reasonably accurately when a uniform scaling factor of 0.98 over the complete spectral range is employed. The synthesized compound has the main vibration modes at 833 (γC-H, δring) cm -1 , 1211, 1229 (νC-C, νC-N, βC-H) cm -1 , 1461, 1485 (νasC-C, νN=N, βC-H, νC=O) cm -1 , 1632 (τC=O, βC-C) cm -1 , 3442 (νO-H, νC-H) cm -1 .  -torsion,  -out of plane bending,  -in plane bending,  -stretching, s -symmetric stretching, as -antisymmetric stretching s -strong, ms -medium strong, m -medium, w -weak, vw -very weak 1 H NMR spectral analysis of the title compound was enhanced by the use of 1 H NMR spectroscopy.
To perform quantum-chemical modeling of 1 The theoretical 1 H NMR spectrum of the molecule was calculated by B3LYP/6-311+G*, B3LYP/6-311+G, B3LYP/6-31+G* and B3LYP/6-31+G** levels of theory that differ from the experimental data (Table 2) . 
Preparation of PVA-films containing the compound S
The PVA-films were prepared according to our work [1] . The main optical properties of the thin polarizing PVA-films such as Transmittance (Tmax, Tmin), polarizing efficiency (PE) and Dichroic Ratio (Rd) were evaluated at the absorption maximum of the polarizing films according to Eqs. (1, 2) [1-5, 10]:
Where, Tmax, Tmin, Dmax and Dmin -Absorbance and Transmittance for linearly polarized light parallel and perpendicular to direction of stretching of colored film.
Polarizing efficiency of colored oriented PVA-films depends on the concentration of injected dye and Stretching Degree (Rs = 3.0-4.0) of the films [12] , therefore the optimum concentration of the compound S in PVA-film was obtained (Table 3) . Fig. 3(b) ). Dichroic ratio (Rd) of the PVA polarizing film containing 0.18 wt.% of the compound S is (2.7 / 0.9) 3.0.
Anisotropy of thermal conductivity of PVA-films
We have studied thermal conductivity of the systems: PVA-S for development of thermostable polarizing films according to [5] . The oriented PVA-films with the compound S is the phenomenon of anisotropy of thermal conductivity ( / ) was established. Anisotropy of thermal conductivity in unstretched PVA-films is observed not appreciably as comparison to stretched PVA-films that is observed very clearly (Table 4) . Results of thermal conductivity measurements of the PVA-films containing the dye S depending on stretching degree are given in Table 5 . It is clear from the results that the thermal conductivity in a direction () orientation is higher than that of the perpendicular orientations (). On resulting anisotropy at a known degree of extension it is possible to judge anisotropy of chain structure [5] . The occurrence of anisotropy of thermal conductivity is connected that at orientation of PVA occurs orientation of the amorphous part of polymer and also formation of additional number of intermolecular connections. Thermal conductivity of PVA films changes after the injection of dye and along an axis of orientation and in perpendicular axis decreases (Table 5) .
Computational Details
Structural analysis
The theoretical molecular structure of the new synthesized compound S in the ground state was optimized by B3LYP/6-311+G* level of theory (Figure 4a ). DFT computational calculations were carried out with the Gaussian 09W package [14] . For visualization of UV/Vis spectrum of the compound S GaussView 05 software was used [14] . Geometry optimization in solvent at the ground and excited states was performed. The optimized parameters (bond lengths, angles) of the compound S are presented in Table 6 . During optimization process, the compound S was passed through 57 stages to achieve the most stable conformer of the structure (Figure 4a ). This conformer has total energy equal -1903.22 Hartree. In order to study interaction between PVA and molecule of the dye S quantum-chemical calculations by B3LYP/6-311+G* level of theory were carried out (Figure 4b) . The dye molecule has two large atoms of sodium (Na(23) and Na (10)). More radii of sodium atoms do not allow the dye molecule and PVA interact. We assume that the dye molecules mechanically fill the voids between the polymer chains. In this case chemical bond do not arise between them. Absorption spectrum and electronic structure of the compound S Theoretical absorption spectrum of the molecule S optimized in a solvent (water) was calculated using TD B3LYP/6-311+G* method at 250-500 nm by the IEFPCM solvent model. All the DFT computational calculations were carried out by using the Gaussian 09W package [14] . The equations were solved for 20 excited states, where the computational studies were performed in the presence of water as solvent, using the IEFPCM (integral equation formalism PCM) method coupled to UAKS radii [15] . The TDDFT method is able to detect the accurate absorption wavelength at a relatively small computing time, which corresponds to the electronic transitions computed on the ground state geometry (Table 7) . (Table 7) . The other Excitations do not play role in formation of absorption spectrum of the dye S and are forbidden by symmetry. Comparison of calculated and experimental absorption spectra of the compound S demonstrate high accuracy of the constructed model calculations (Figure 5a, b) . 
Conclusions
In the present study, we calculated the geometric parameters, electronic structure, and UV/Vis Thermal conductivity in a direction of orientation () is higher than in a direction perpendicular orientations (). In stretched dyed PVA-films anisotropy of thermal conductivity is observed very clearly (at Rs = 5.0,  /  = 8.27).
